ABSTRACT
INTRODUCTION
The principal composition and function of the central nervous system (CNS) in dogs, cats, pigs and primates are similar [7, 8, 14, 16, 22, 31] . The spinal cord injuries (SCIs) naturally occur ing these species, but the regeneration of neurons within their brain and spinal cord is limited [68] .
The neurological symptomatology, complication rate and their character may be also similar, and the treatment options and the prognosis resemble the situation in people [2, 14, 22, 31, 47, 58, 77] . The same diagnostic and therapeutic measures are utilised in both, human and veterinary medicine [6, 19, 29, 53, 64, 69] . That is why the authors decided to review recently published papers relating to canine spinal trauma and inform the health care professionals about the generally accepted methods and new achievements, ready to be tested in preclinical and clinical trials.
DIAGNOSTICS
The trauma patients may suffer significant damage not only to the vertebral column, but also to other body systems. These accompanying injuries may pose more immediate threats to their lives than the damage to the spinal cord. So when evaluating an animal with a neurologic deficit due to a suspected trauma, it is necessary to assess the overall stability of the organism, i. e. function of pulmonary and cardiovascular systems in the first place, then proceed with careful examination of the entire nervous system [9, 12, 14, 45] . The clinical experience has shown that traumatic brain lesions, especially in their mild forms, accompany different traumatic events quite often, and multilevel cord damage is also possible [53, 67] . A theoretical progression of clinical symptomatology is as follows: pain-ataxia-paresis-plegia -and the loss of deep pain sensations [67] .
The simple scales recommended for primary, informative assessment of spinal cord functions applicable in dogs are the Tarlov grading system and the American Spinal Injury Association impairment scale, i. e. ASIA scale [12, 31, 40, 53, 64] . More details are in Table 1 . The plegia and loss of deep pain sensations are very important indicators of severe spinal cord lesions. They are usually associated with the damage to the significant parts of the white matter, while dogs that are only painful and ataxic, likely have only restricted spinal cord involvement [12, 69, 75] . Table 1 . Tarlov grading system modified for dogs [40] However, there are symptoms, which help to localise the spinal cord lesion in a dog more precisely (Table. 2). 
Imaging diagnostic techniques
Röntgenological investigations are still crucial in determining an accurate diagnosis of spinal pathology [9, 30] . Plain radiographs, sometimes in different projections (ventro-dorsal, lateral, oblique) are especially helpful in identifying bone abnormalities, such as luxations and/or fractures of vertebrae; sometimes they are able to show narrowing of the intervertebral space, which is an indirect sign of intervertebral disc disease (IVDD) [7, 63] . [75] . CT and MRI are the best available diagnostic tools currently.
Differential diagnosis
Several non-traumatic spinal cord lesions can cause the symptomatology of tetra-or paraplegia/tetra-or paraparesis [28] . The most important of them are:
Fibrocartilaginous embolism (FCE) is encountered
in dogs quite frequently [10, 21] . It occurs when material from the nucleus pulposus of the intervertebral disc forms an embolus that obstructs vessels within the spinal medulla. FCE commonly affects dogs of large or giant breeds [75] . Dogs typically present with a peracute neurologic deficits that progress for about 24 hours. The neurological symptomatology can be asymmetric and dogs are usually painless [21, 75] . To establish a definitive diagnosis of FCE it is possible only by the help of histopathologic examination, which shows fibrocartilaginous emboli within the spinal cord vasculature identical to the nucleus pulposus [10, 21, 75] . Perimyelography or CT scans can be used to make a presumptive diagnosis, but the best antemortem diagnostic tool is MRI currently [75] . Different treatment modalities (e. g. administration of steroids) for FCE have been is normal, however the neurotoxin reduces nerve conduction velocity, the amplitude of muscle action potentials and causes a total blockade of transmission at the myoneural junctions [30] . Following the removal of the tick, the neurological deficit subsides [12, 30] .
Toxoplasmosis can cause various clinical signs.
They include seizures, blindness, tremor, hemi-or paraparesis, and hindquarter paralysis. Spinal reflexes may be absent and extensor rigidity present in one or both pelvic extremities. The history is usually of a young dog showing gradual progressive paralysis. A positive diagnosis is difficult, but serology may be of some help [12] .
11. Polyradiculoneuropathy (coonhound paralysis).
The etiology of this disease is unknown. The functional lesion is on the ventral nerve roots and peripheral nerves. 
SPINAL TRAUMA MANAGEMENT
It is very important to have an initial assessment aimed at identifying all of the imminently life-threatening injuries.
The basic ABC examination (the patency of the airways, the ability of the dog to breathe, and the effectiveness of circulation) is recommended [9, 14, 31, 67] . Most animals with significant traumatic events will present a state of hypovolemic shock due to inappropriate vasodilation, blood loss, or both. [9, 19, 26] . That is why the more advanced rehabilitation procedures are recommended in the treatment of dogs with SCIs [31, 53, 63] .
Complications
The ejaculation, due to incompetence of the internal urethral sphincter [48] . As a result, male reproductive function is significantly affected. On the contrary, the female dogs with SCI are able to become pregnant, as well as undergo normal pregnancy and delivery [48] . an active therapy, they can recover completely, their prognosis is considered favourable with surgery [7, 27, 40, 46, 53] . Hansen type 1 disc herniation accompanied by loss of deep pain sensation (lack of nociception), the prognosis is less favourable. Decompressive surgery can help to regain nociception and the ability to ambulate without assistance in about 60 % of the deep pain negative dogs [55, 63] . Dogs with paraparesis due to the intervertebral disc protrusion but intact nociception have a favourable prognosis with conservative management. The decompressive operation is not indicated; animals make significant improvements and are ambulatory with medical treatment only [7, 53] .
PROGNOSIS

Dogs with vertebral instability due to fracture
and/or luxation, paraplegia and lack of nociception have a poor prognosis. The surgical revision, decompression of neural structures and stabilisation of vertebral column is recommended (it helps to start an early rehabilitation programme), however results are dubious, so many owners prefer euthanasia [9, 31, 53] . A much better prognosis is in animals with vertebral fractures and/or luxations accompanied with intact sensations. Early surgical decompression and stabilisation are indicated [9, 31] .
Clinical observations show that the prognosis in
patients with spinal cord syndromes are significantly more favourable than in patients with tetra-or paraplegia [26] .
As far as recovery of motor function is concerned, the best outcome was observed in patients with Brown-Séquard syndrome -75-90 % of them were able to ambulate independently following long-term rehabilitation [26] . On the other hand, the anterior spinal cord syndrome has a poor prognosis with only a 10-20 % chance of functional recovery, and even in those with some improvement, the muscle power is significantly impaired and coordination of movements is insufficient [26, 47] . Patients with posterior spinal cord syndrome have preserved muscle strength, temperature and pain sensation, but lost proprioceptive and vibration sense caudally to the level of the spinal cord lesion.
They generally show the least favourable recovery from impaired perception. They are able to ambulate, but with a tendency to falls [26, 47] . The cauda equina syndrome has a better prognosis for neurological recovery than SCIs because nerve roots are able to regenerate. The most important predictors for a favourable outcome are early diagnosis and surgical decompression [26, 47] .
Prognosis for dogs with fibrocartilaginous embo-
lism is generally favourable; the majority of patients will show recovery of some functions within 2 weeks of me-dicament treatment, but maximal improvement may take several months [21, 29] . The surgical intervention is not indicated. The negative prognostic factor is lack of nociception [53, 57, 75] . 
NEW TRENDS IN SCI MANAGEMENT
The suppression of spinal cord cell necrosis by
the application of "fibroblast growth factor" i. e. FGF or "curcumine" (protect against excitotoxic cell death and mitigate oxygen free radical production); or antiapoptotic molecules i. e. "valproic acid", "vitamin E", "17β-estradiol", "melatonine" [27, 37-39, 41, 53, 60, 72] .
Restraining of axon demyelination or supporting their
remyelination by cellular therapy [5, 18, 33, 44, 51, 61, 70] . 
Suppression of axon growth
CONCLUSION
This review provides an overview of the current information on canine spinal cord injuries, their treatment, imply new therapeutic options, and discusses new trends in SCI research.
